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Tuesday, February 5, 2013 485athe most significant stress change in response to stretching. The distribution of
filamin was very similar to dystrophin forming longitudinal tracks along the
contacted surfaces of the myotube.
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Muscle membrane vulnerability is a hallmark of Duchenne Muscular Dystro-
phy (DMD), an X-linked neuromuscular disease that results in progressive
skeletal muscle weakness and significant cardiomyopathy. We propose the
use of membrane-sealant copolymers as an innovative and unique potential
therapeutic for DMD. The tri-block copolymer family comprises molecules
made of a hydrophobic polypropylene oxide (PPO) core flanked bilaterally
by linear chains of hydrophilic polyethylene oxide (PEO) chemical moieties.
Block copolymers exist at various molecular weights and PPO/PEO ratios
and it is currently not known what structural properties confer membrane
sealing capacity to copolymers of this family. We and other groups have
shown that one such sealant, poloxamer P188, protects dystrophic hearts
in vitro and in vivo in both small and large animal models of DMD but its
apparent efficacy is significantly reduced in skeletal muscle in vivo. This
underscores the importance of discovering more potent membrane sealants
to treat all striated muscles in DMD. We have initiated a collaborative
structure-function approach by implementing and refining an in vitro
membrane injuring osmotic and shear stress assay to analyze the membrane
sealing functions of these tri-block copolymer family members on dystrophic
skeletal muscle to systematically determine the effects of PPO/PEO ratio and
molecular weight on membrane protection. We will present progress on
copolymer structure-function understanding and discuss how these new data
will shed light into the structural requisite for more efficacious and potent
membrane sealants.
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Anatomical distribution of multiple proteins within complex tissue is pre-
dicted to aid in determination of musculodystrophy pathophysiology. Dysfer-
lin is a large (~230 kDa), membrane-anchored, calcium-binding protein
localized to plasmalemma and t-tubules of muscle fibers. In fibers lacking
dysferlin, these structures exhibit ultrastructural abnormalities. As a means
to identify the possible role(s) of dysferlin in maintenance of fiber ultrastruc-
ture and calcium homeostasis, we are using array tomography (ATomo) to
detect differences in protein co-localization in dysferlin-negative vs.
dysferlin-normal muscle fibers. We have screened and optimized antibodies
for specific labeling of major structural components: contractile apparatus
(actin, myosin, desmin), plasmalemma (dystrophin, caveolin), t-tubules (dys-
ferlin, DHPR-a1, DHPR-a2, ryanodine receptor) and basement membrane
(collagen A1, elastin) and calnexin and a-smooth muscle actin observe the
fiber anatomy. Testing different temperatures for labeling incubation, we
found better labeling and deeper penetration at 37C. This labeling procedure
was not associated with increased noise from non-specific labeling. We
optimized labels in ATomo by comparing their specificity for anatomical
structures over a range of antibody concentrations, from the minimum re-
quired for observable signal to very high concentrations demonstrating max-
imum signal and high noise levels. We have observed a consistent pattern
between appropriate antibody concentrations for ATomo relative to other
immunolabeling methods such as western blotting and immunohistochemistry
that roughly encapsulates a high S:N ratio plateau, forming good first approx-
imations for optimized labeling. We have combined up to four antibodies
against epitopes colocalized within the same structure to label the complete
anatomy of the T-tubule and triad architecture across the volume of a muscle
fiber. We will use ATomo to colocalize dysferlin with other proteins, to assess
the number, distribution and localization of L-type Ca2þ-channels, SERCA-
type re-uptake Caþ2-pumps, Caþ2-leak channels and Caþ2 buffering proteins
located in the t-tubules in normal and dysferlin-null myofibers.2479-Pos Board B498
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Z-discs are important structural and signalling structures that form the bound-
aries of each muscle sarcomere in striated muscle. within the Z-disc, electron
microscopy indicates that actin filaments, arranged in an anti-parallel organiza-
tion, are cross-linked by a-actinin dimers arranged at ~20 nm intervals. At least
30 different proteins reside in the Z-disc, and their organisation is not well
understood. Conventional light microscopy cannot resolve the localisation of
proteins within the Z-disc, as it is too narrow ~100 nm wide.
We have developed the use of 3-D Photoactivated Localisation Microscopy
(PALM) to image two specific proteins within the Z-disc; a-actinin2 and
Lasp-2 (LIM and SH3 containing protein 2), which binds to a-actinin. a-actinin
and LASP fused to mEos2 were expressed in cultured embryonic mouse or
isolated adult rat cardiomyocytes. Fixed cells were imaged using PALM, in
which a weak cylindrical lens in the light path between the specimen and the
camera was used to obtain 3D information from a single 2D plane.
The resulting images show individual molecules of mEos2-a-actinin2 and
mEos2-LASP within the Z-disc, using light microscopy, for the first time.
The localization precision was 20nm (X,Y) and 50nm in Z. The density of
mEos2-a-actinin2 molecules was higher than that for mEos2-LASP, and the
densities of both molecules was non-uniform throughout the Z-disc structures.
A quantitative analysis of these molecules provides new insight into the
organisation of these molecules within the Z-disc structure. These results
demonstrate that PALM can be used to localise specific proteins within the
narrow Z-disc and thus it has great potential for investigating the organisation
of component proteins within this structure.
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Obscurin is a 475 kDa protein in the M-line of Drosophila muscles. The protein
is made up of Ig and Fn3 domains, a Rho-GEF domain near the N-terminus and
two kinase domains near the C-terminus. The expression of obscurin was re-
duced by a P-element insertion, or by RNAi. Knockdown of obscurin by
RNAi was targeted to all muscles, or specifically to the flight muscle (IFM).
In P-element mutants and RNAi lines, embryo, larva and pupa developed nor-
mally; adults could walk and jump, but were flightless. In the wild-type pupa,
obscurin in the IFM appeared in striations at 30 hours after puparium formation,
when kettin (a Z-disc protein) and myosin were in amorphous strands. Thus,
obscurin in the M-line precedes the regular assembly of the Z-disc and
A-band. In the IFM of flies with reduced obscurin, the sarcomere length was
normal but the M-line was missing and H-zone irregular. Isolated thick fila-
ments were asymmetrical with the bare zone shifted from the middle of the
filaments. In the sarcomere, the length and polarity of thin filaments depended
on the position of the bare zone in adjacent thick filaments. Thus, the early ex-
pression of obscurin nucleates the assembly of a symmetrical thick filament,
which leads to thin filaments of uniform length. Ligands of the kinase domains
are: ball (another kinase) binding to kinase 1 and MASK (an ankyrin-repeat
protein) binding to kinase 2. Confirmation of these interactions by injecting
embryos with kinase constructs will be described. The abnormalities in the
IFM sarcomere in RNAi lines with reduced ball or MASKwere similar to those
in obscurin knockdown flies. The expression of obscurin was normal in RNAi
lines of both ligands, demonstrating the importance of obscurin, ball and
MASK to sarcomere assembly.
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The constraint of constant volume for a contracting muscle cell implies a radial
expansion that occurs during axial shortening will lead to increases in the radial
spacing of the lattice of myofilaments. That change in filament spacing, in turn,
486a Tuesday, February 5, 2013can have a profound effect on the attachment rate of crossbridges (Williams et
al. (2010) PLoS Comput Biol 6:e1001018.). At the same time, cross-bridges
attaching to thin filaments and generating axial (longitudinal) forces and may
simultaneously restrict the extent to which the filament lattice can expand or
contract in the radial direction as muscle shortens. Here we examined radial
changes in the lattice of the flight muscle of the hawk-moth Manduca sexta us-
ing high speed time resolved X-ray diffraction to directly measure the time
course of changes in filament spacing as a function both the length of muscle
and the timing of activation. Interestingly, the measured lattice spacing (1)
strongly reflected activation timing and (2) varied considerably during the cycle
of shortening and lengthening and (3) did not follow the pattern predicted by
a constant lattice volume. Three key issues arise from these data. (1) Large
changes in lattice spacing suggest that models of cross-bridge force generation
should consider radial separation of thick and thin filaments; (2) cross-bridges
may restrict the expansion of the filament lattice and may experience consider-
able radial force; and (3) the mismatch between measured and predicted radial
motions of myofilaments indicates that there is fluid movement between sub-
cellular compartments that has not been considered in the mechanics and ener-
getics of force generation by muscle. Finally, radial tensions may play a key
role in elastic energy storage for insect flight. Supported by NSF IOS-
1022058 and NIH P41 GM103622-17.
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In bees and other insects, their wings are driven by the alternating actions of
two antagonistic flight muscles, dorsal longitudinal muscle (DLM) and dorso-
ventral muscle (DVM). Here we recorded X-ray diffraction patterns simulta-
neously from these two muscles during tethered flight, as well as live images
of the bees, by using two fast CMOS video cameras at a 5,000/s frame rate.
The length changes of the two muscles, as probed by equatorial reflections,
are almost perfectly anti-phase, and the DVM is shortest when the wings are
upright. In both muscles, force-generating myosin heads, as probed by the
102, 211 and 311 reflection spots, build up slowly during the entire lengthening
phase, and their peaks are substantially delayed behind the length. The 111 re-
flection spot (the first reflection to respond to stretch in skinned flight muscle
fiber preparations: 2011 Annual meeting), is conspicuously enhanced in both
muscles, well ahead (~20) of the aforementioned reflection spots. Previously
we interpreted this intensity change to reflect troponin structural changes, but
its magnitude and the clear concomitant diminution of the 201 reflection spot
are better explained by an azimuthal twist of attached myosin heads. Locating
the stretch-sensing mechanism is crucial for understanding the mechanism for
stretch activation, and the present results provide evidence that a population
of myosin heads respond to stretch in a specific manner. This population is
present in the lengthening phase in which fewer heads generate force. There-
fore this population is likely to represent low-force myosin heads non-
stereospecifically bound to actin. Stretch-induced conversion from low-force
to high-force states has been proposed for vertebrate skeletal muscle (Iwamoto,
1995, Biophys. J.), and insects might have evolved to maximally utilize the
preexisting function of myosin.
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Hyperphosphorylation and aggregation of the microtubule-associated protein
tau into tangles occurs in several neurodegenerative diseases referred to as
tauopathies. Several tau mutations, including tauR406W and tauV337M,
have been associated with tau hyperphosphorylation and neurodegeneration.
Accumulation of phosphorylated tau in cardiac and skeletal muscle biopsy
samples suggests that striated muscle tissue generates tau-amyloid which
causes the destruction/malfunctioning of myocytes. However, it is unknown
how mutations in the tau gene lead to myopathies and moreover, there is no ex-
perimental model to understand tau-mediated striated muscle dysfunction. To
test the effects of tau mutations on cardiac structure and function, we developed
a novel Drosophila model that expresses pathological human tau in the heart
using the UAS-Gal4 expression system with a cardiac specific driver. Cardiac
physiology was assessed using high-speed video recording of heart tube con-tractile parameters from semi-intact heart preparations. Compared to control
human tau (h-tau), expression of mutant tau (h-tauR406W and h-tauV337M)
resulted in progressive cardiac dysfunction and ultrastructural abnormalities.
Expression of h-tauR406W in 4 week-old hearts resulted in severe cardiac
dilation, reduced contractility, increased arrythmia, and ultrastructural defects,
including myofibrillar degeneration and mitochondrial elongation. Expression
of h-tauV337M in 4 week-old hearts resulted in reduced contractility, increased
arrythmia, and fragmented mitochondria. Interestingly, cardiac dilation and
ultrastructural defects in 4 week-old h-tauR406W flies were suppressed by
cardiac overexpression of DRP-1 (a regulator of mitochondrial biogenesis),
or TRAP-1 (a mitochondrial chaperone). Additionally, expression of mutant
tau (h-tau R406W and h-tau V337M) in indirect flight muscles using Actin88F
driver resulted in reduced flight ability and ultrastructural defects, including
myofibrillar disorganization, bulk Z-disk accumulation, and mitochondrial
abnormalities. Our data demonstrate pathological consequences for tau
mutations in striated muscle and a link between tau-induced myopathies and
mitochondrial defects.
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Escherichia coli is able to produce molecular hydrogen (H2) via special en-
zymes - hydrogenases (Hyd) which catalyze simple redox reaction H2 to
2Hþ. H2 production during mixed carbon (glucose and glycerol) fermentation
at slightly acidic pH (pH 6.5) was investigated. During mixed carbon fermen-
tation in glucose assays, wild type cells produced ~2 fold less H2 than cells
grown on glucose only as a sole carbon source. In fhlA, hyfG and double
fhlA hyfG mutants H2 production decreased ~2 fold, compared to the wild
type, but in hyaB, hybC, and double hyaB hybC mutants H2 evolution was
lowered by ~1.5 fold.
In the assays supplemented with glycerol, no H2 production could be detected.
Taken together, these results suggest that Hyd-3 and Hyd-4 are the H2 produc-
ing Hyd enzymes during mixed carbon fermentation. This is absolutely novel
finding about Hyd-4 activity at pH 6.5. The decrease of H2 production in the
strains with defects in Hyd-1 and Hyd-2 was mostly due to an interaction
between the different Hyd enzymes and their organization in the membrane.
In the assays with adding glucose, in the wild type cells H2 production was in-
hibited ~2 fold by 0.3 mM N,N0-dicyclohexylcarbodiimide (DCCD), an inhib-
itor of F0F1-ATPase. This inhibition was approximately the same for fhlA and
hyfG fhlA mutants but not hyaB, hybC, hyfG or hyaB hybC mutants. These re-
sults indicate that the FhlA protein coded by the fhlA gene, which is transcrip-
tional activator for FHL complex, might interact with the F0F1-ATPase. We
suggest that this interaction is mediated due to mixed carbon fermentation.
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Proton (Oþ) circles through the bacterial membranes are represented, relation-
ship with ATP synthesis or hydrolysis is considered. The data on passive and
active Oþ fluxes through the membranes are analyzed and their relationship
with membrane Hþ conductance (GmHþ) and permeability for Hþ (PHþ) are
analyzed. Different ways and mechanisms of passive and active Oþ fluxes, in-
cluding a role of membrane lipids in Oþ transfer, importance of phase transi-
tions in lipid bilayers, operation of protonophores as well as Oþ translocation
via the F0F1-ATPase, are discussed.
Dependence of GmHþ for Escherichia coli, Enterococcus hirae, Streptococcus
lactis and the other bacteria under fermentation on some external physico-
chemical factors, particularly, on growth rO and oxidation-reduction potential
(ORP) as well as influence of oxygen and osmotic stress on GmHþ and Hþ ac-
tive fluxes have been shown [1–3]. Acid pulse method for determination of
GmHþ was used. The effects were different with E. coli atp mutant pointing
out the role of the F0F1-ATPase in GmHþ change. The relationship between
GmHþ, PHþ and active Oþ fluxes (GmHþ -> proton-motive force, pH ->
ORP) is proposed, mechanisms for these changes relationship are discussed.
Increase of GmHþ result in decrease of internal pH in E. coli without change
in ATPase activity [4].
The results are of significance for understanding of structure-function proper-
ties of bacterial membranes determining Hþ cycle operation and of Hþ fluxes
mechanisms important in adaptation of bacteria to environment conditions.
